Fufang Banbianlian Injection (FBI) is a well-known traditional Chinese medicine formula composed of three herbal medicines. However, the systematic investigation on its chemical components has not been reported yet. In this study, a high-performance liquid chromatography combined with diode-array detector, and coupled to an electrospray ionization with ion-trap time-of-flight mass spectrometry (HPLC-DAD-ESI-IT-TOF-MS) method, was established for the identification of chemical profile in FBI. Sixty-six major constituents (14 phenolic acids, 14 iridoids, 20 flavonoids, 2 benzylideneacetone compounds, 3 phenylethanoid glycosides, 1 coumarin, 1 lignan, 3 nucleosides, 1 amino acids, 1 monosaccharides, 2 oligosaccharides, 3 alduronic acids and citric acid) were identified or tentatively characterized by comparing their retention times and MS spectra with those of standards or literature data. Finally, all constituents were further assigned in the individual herbs (InHs), although some of them were from multiple InHs. As a result, 11 compounds were from Lobelia chinensis Lour, 33 compounds were from Scutellaria barbata D. Don and 38 compounds were from Hedyotis diffusa Willd. In conclusion, the developed HPLC-DAD-ESI-IT-TOF-MS method is a rapid and efficient technique for analysis of FBI sample, and could be a valuable method for the further study on the quality control of the FBI.
Introduction
Fufang Banbianlian Injection (FBI) is a well-known traditional Chinese medicine formula. For its biological activities, study of Shi et al. (1) indicated that it has α-glucosidase inhibitory, antioxidant and antimicrobial effects. Therefore, FBI has been used as an antiinflammatory drug for the treatment of multiple furuncle swollen, mastitis and sore throat in clinical practice (2) . However, systematic investigation targeting on the components of FBI has not been reported yet.
As for the individual herbs of FBI, Wang et al. Willd. However, these documented assays only focused on individual herbs, and thus are not representative methods to understand the diversity and complexity of the chemical composition of FBI, especially, when considering the component changes due to the preparation process of FBI.
In order to investigate the chemical profile of FBI, a fast, reliable and efficient HPLC-DAD-ESI-IT-TOF-MS method was established for rapid separation and structural identification of its constituents. As a result, 66 major constituents of FBI were identified by comparing their HPLC chromatographic and MS spectrometric behaviors with those of standards or reported data. In addition, some of the typical fragmentation pathways were summarized in detail.
The content and aim of this study include: (i) the major constituents in FBI were identified and characterized by the ESI-IT-TOF-MS and (ii) each constituent in FBI was further assigned in the individual herbs. To sum up, this article offered a valuable method for studying the chemical components of FBI, and could be further used for its quality control and related studies.
Experimental

Materials and reagents
Chemical standards of monotropein (7), vanillic acid (11b), geniposide acid (12b), 3-caffeoylquinic acid (CQA) (26), caffeic acid (29b), acteoside (36a), forsythoside A (41), eriodictyol-7-O-glucuronide (36b), luteoloside (45), scutellarin (48), apigenin and naringenin were purchased from National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). 5-CQA (18), 4-CQA (28) and p-coumaric acid (34) were obtained from Chengdu Must BioTechnology Co., Ltd (Chengdu, China). The purity of each chemical standard was determined to be above 98% by HPLC.
HPLC-grade methanol (Merck, Darmstadt, Germany), HPLC-grade formic acid (Sigma, St. Louis, USA) and analytical grade ethanol (Beijing Chemical Works, Beijing, China) were used for the preparation of mobile phases. All water used was purified by a Milli-Q system (Millipore, MA, USA).
Sample preparation
FBI (Lot. No. 131001) sample was purchased from Furen Pharmaceutical Group Pharmaceutical Limited Company (Henan, China). The FBI was filtered through a 0.22 μm membrane prior to use, and a 10 μL aliquot was directly injected into the HPLC-MS for analysis.
L. chinensis, S. barbata and H. diffusa were purchased from National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China).
After optimization by orthogonal experimental design L9 (3 4 ) using four factors (extraction time, temperature, solvent/sample ratio and ethanol/water composition) at three levels, the extraction procedure was set as follows: powdered sample (1.0 g, 40 mesh) of each individual herb was accurately weighed and extracted with 50 mL of 65% ethanol in an ultrasonic bath (40 kHz, 250 W) for 60 min at room temperature. The extraction yield for scutellarin, the only reference compound for FBI according to Chinese Pharmacopoeia, in S. barbata is 97.2%. Since FBI is made from 65% ethanol extract of three herbs, the above extraction procedure also applied to L. chinensis and H. diffusa to facilitate chromatogram comparison. The recovery rates of scutellarin while extracting L. chinensis and H. diffusa by the above method were 95.3 and 96.5%, respectively.
The extract solution was filtered through a 0.22 μm membrane prior to use, and a 10 μL aliquot was injected into the analysis system.
The standard solutions were dissolved in methanol and stored at the 4°C until being used.
HPLC conditions and ESI-IT-TOF-MS conditions
HPLC-DAD analysis was performed by LC-20AD system, which consisted of two LC-20AD pumps (Shimadzu, Kyoto, Japan), a DGU-20A3 degasser, a SPD-M20A DAD detector, a SIL-20AC autoinjector, a Inertsil ODS-3 C18 column (3 μm, 250 × 4.6 mm, Shimadzu) and a CTO-20A column oven. The flow rate was 0.5 mL min 120-180 min, 40% B-45% B; 180-195 min, 45% B-50% B and 195-240 min, 50% B-60% B). The DAD was set at 254 and 326 nm. Mass spectrometry was performed by the ESI-IT-TOF-MS (Shimadzu). The optimized MS operating conditions were as follows: negative and positive ionization modes were used, scan range of spectra was from m/z 100 to 800 and the flow rate of nebulizing gas (nitrogen) was set at 1.5 L min −1 . The curved desolvation line (CDL) temperature and block-heater temperature were maintained at 200°C. The capillary voltage, CDL voltage and detector voltage were fixed at 4.5 kV, 10 V and 1.75 kV, respectively. The datadependent acquisition was set such that the most abundant ions in full-scan MS would trigger multiple-stage mass spectrometry (MS n , n = 2-4). The collision energy for MS n was adjusted to 50% in the HPLC-MS analysis, and the isolation width of precursor ions was 3.0 U. All ions produced were introduced into the TOF instrument for accurate mass determination. Data were acquired and processed by LC-MS Solutions software (version 3, Shimadzu), which included a predictor for chemical formulas (error <5 p.p.m.).
Results
For the peaks of constituents in FBI, both 254 and 326 nm were used for UV detection. Our data showed that the chemical profile was more sensitive in 254 nm than that in 326 nm between 0 and ∼90 min; however, it was opposite for chemical profile between 90 and ∼326 min. The representative chromatogram ( Figure 1 ) showed the overall chemical profile of FBI sample. In total, 66 compounds were identified by their MS spectra as shown in Table I , and their structures were displayed in Figure 2 . These constituents were further assigned in the individual raw material. Among them, 25 compounds were from H. diffusa, 28 were from S. barbata and 8 were from L. chinensis.
Discussion
Identification of 14 phenolic acids
Identification of three chlorogenic acids In total, three chlorogenic acids were identified in negative-ion mode. Peaks 21, 25, 27, 29b and 34 could be the cinnamic acid derivatives according to their UV spectra. Peaks 29b and 34 were identified as caffeic acid and p-coumaric acid by comparing with the reference standards. Peak 21 was attributed to caffeoyl glucoside due to the loss of a glucose residue. Peak 25 displayed the neutral loss of glucose (162 Da). And peak 27 showed losses of a piofuranosyl moiety (132 Da) and a glucose residue. Therefore, peaks 25 and 27 were assigned as p-coumaroyl-O-glucoside and p-coumaroyl-apiofuranosyl-(1→6)-glucoside, respectively.
Identification of 14 iridoids glycosides
Iridoid glycosides (IGs) have been regarded as major components in the herb of H. diffusa with the closed-loop in their structures. IGs showed a weak UV absorption at the 230-260 nm (10) . In this group, a total of 14 IGs were identified in negative-ion mode. Ren et al. (13) reported that the formate adduct ion [M+HCOO] − can be regarded as diagnostic ion for iridoids that bear a methyl ester, lactone or carboxyl group at their C-4 positions when formic acid was used as an additive. In addition, Li et al. (10) found that the relative abundance between fragment ions ( Figure 3A ), such as 1,4 F − and 2,7 F − , could be used to distinguish structures with a five-member ring. 
Table continues
Rapid Identification and Assignation of the Active Ingredients A] 
B, H. diffusa; C, S. barbata; D, L. chinensis; R a , confirmed by standard compound; R b , deduced with the help of the aglycone standard; Glc, glucosyl; GlcA, glucuronic acid residue; Xyl, xylosyl; Rha, rhamnosyl; Ara, arabinosyl; Api, apiosyl; Rib, ribosyl. 100% = base peak.
Moreover, the common loss of 162 Da indicated that glucose was attached to C-1 position in IGs. Peaks 46, 52a and 55 had the similar neutral loss of 122 Da, due to loss of one benzoic acid. In MS 2 , the common losses of glucose and arabinose residues could also be observed for peaks 52 and 55. In addition, three compounds having the similar fragmentation pathways were isolated from H. diffusa (5). Thus, peaks 46, 52a and 55 were identified as 10-O-benzoyl-scandoside methyl ester or 10-O-benzoyldeacetylasperuloside acid, oldenlandoside III and hehycoryside C, respectively.
Identification of ten 7,8-cyclopentene-type IGs
Identification of four non-7,8-cyclopentene-type IGs
As for peaks 7, 11a, 15 and 22, they did not show the most abundant peak
, indicated a different five-member ring from that of peaks 12a and 19. Peak 7 was identified as monotropein after comparing with the standard compound.
Peaks 11a and 15 were isomers with peaks 12a and 19 with the [M +HCOO] − ions at m/z 449. They had the neutral losses of two H 2 O molecules, indicating the presence of two hydroxyl groups in their structures. Thus, peaks 11a and 15 were deduced as 5-hydroxylarborescoside and epi-5-hydroxylarborescoside, respectively, according to previously reported two isomers with the similar structures isolated from H. diffusa.
Peak 22 gave [M-H]
− at m/z 419.1199, which generated character-
In addition, 7-formylipolamiidic acid, isolated from H. diffusa, had the similar fragmentation pattern as that of peak 22. Thus, peak 22 was tentatively identified as 7-formylipolamiidic acid.
Identification of 20 flavonoids
As shown in Figure 3B , the C-ring of the flavonoids could occur multiple fragmentations and generate i,j A − and i,j B − ions. Neutral losses such as C 3 O 2 , C 2 H 2 O, CO and CO 2 could also be observed. Fabre et al. (22) reported that the neutral loss of C 2 H 2 O could occur at the C-ring in negative-ion mode. And this loss could be more easily observed when A-ring had no substitution at C-6 position, or B-ring had hydroxyl group at C-4′ position. Therefore, these fragmentations are important for distinguishing the locations of hydroxyl group on flavonoids. Based on the MS n data, as well as two typical UV max absorption bands at 250-280 nm and 310-360 nm, 20 compounds were identified or tentatively identified as flavonoids and flavonoid glycosides. ] was observed, indicating one hydroxyl group on the B-ring. Thus, peak 57 was tentatively deduced as 4′-hydroxywogonin or hispidulin, which should be further confirmed. (14, 19, 23) . Peaks 40 and 45 lost a hexosyl moiety (162 Da), and then was identified as luteolin-7-O-glucoside and apigenin-7-O-glucoside after comparing with reference substances.
Identification of one flavone
Identification of 16 flavonoid monoglycosides
Peak 52b was tentatively identified as apigenin derivative, whose MS n fragmentations were similar with that of aglycone ion of peak 45. Identification of one flavonoid diglycoside Peak 42 gave the pseudomolecular ion at m/z 621.1141, which gave a base peak at m/z 351, indicating the presence of two molecules of glucuronic acids. In addition, its aglycone was identical to that of peak 40. Thus, peak 42 was characterized as apigenin-7-O-diglucuronide (21).
Identification of two benzylideneacetone compounds
Two benzylideneacetone ( peaks 32 and 35) had been identified in FBI by their characteristic ions after neutral loss of C 2 H 2 O. For example, peak 32 showed maximum UV absorption at 344 nm, indicating highly conjugated system in their structures. In negative mode, it gave [M-H] − at m/z 177.0562 (C 10 H 10 O 3 ), which generated a major ion at m/z 135 corresponding to the loss of C 2 H 2 O. In addition, the neutral loss of H 2 O had been observed, indicating the presence of the adjacent hydroxyl groups. Therefore, peak 32 was tentatively identified as (E)-3,4-dihydroxybenzylideneacetone. The fragmentation pathway was shown in Figure 4 . Peak 35 had the similar fragmentation pathway with that of peak 32, but its molecular weight was 16 Da less than that of peak 32. Peak 35 was thus tentatively identified as 4-hydroxybenzylideneacetone (18). 
Identification of three phenylethanoid glycosides
Identification of one coumarin compound
Only one coumarin compound ( peak 31) had been identified in the FBI with a maximum UV absorption at 342 and 265 nm, indicating highly conjugated system in the structure. In negative mode, it gave [M-H] − at m/z 161.0245 (C 9 H 6 O 3 ), which produced fragments at m/z 133 (C 8 H 5 O 2 ) and m/z 117 (C 8 H 5 O) after neutral losses of CO and CO 2 . Thus, peak 31 was tentatively identified as 6-hydroxycoumarin as a known compound in S. barbata according to previous report (14) . 
Identification of three nucleosides
Three nucleosides ( peaks 9, S1 and S2) had been found in the FBI. For guanosine and its analogs, they could show the characteristic ion at m/z 133. For example, peak 9 gave the molecular at m/z 282.0865. In its MS 2 , the fragmentation ion at m/z 150 was observed after loss of a ribose residue. In addition, the characteristic ion at m/z 133 indicated a neutral loss of NH 3 . By comparing with the literature (6, 11), peak 9 was identified as guanosine. Clearly, peaks S1 and S2 were the isomers since they had the same pseudomolecular ions at m/z 354.1054, which was 72 Da less than and had similar fragmentation pathway with that of peak 9. In addition, the neural losses of H 2 O and CO 2 further indicated the presence of a carboxyl group. As shown in Figure 5 , they were tentatively identified as N-(1-carboxyethyl)-guanosine. indicating the presence of a hydroxyl group and an acetyl group. In addition, the fragment ion at m/z 128 produced a base peak at m/z 84 after a neutral loss of CO 2 , indicating the presence of a carboxyl group. Therefore, peak 6 was tentatively identified as N-acetyl-L-glutamic acid according to reported data (9).
Identification of one amino acid
Identification of one monosaccharide, two oligosaccharides and three alduronic acids Peaks 1, 2, 3a, 3b, 3c and 4 had been identified by comparison with data of individual herb and references (6, 7) . Peaks 1, 2 and 3a were the alduronic acids. Peaks 3b and 4 had been assigned as oligosaccharides, and 3c was identified as monosaccharide.
Identification of citric acid
Peak 5 gave pseudomolecular ion at m/z 191.2773, which generated an ion at m/z 173 due to neutral loss of H 2 O. In addition, in its MS 3 , ion after the continuous neutral losses of CO 2 and H 2 O was observed at m/z 111. Therefore, peak 5 was tentatively identified as citric acid based on literature report (8) .
To sum up, 66 major constituents (14 phenolic acids, 14 iridoids, 20 flavonoids, 2 benzylideneacetone compounds, 3 phenylethanoid glycosides, 1 coumarin, 1 lignan, 3 nucleosides, 1 amino acids, 1 monosaccharides, 2 oligosaccharides, 3 alduronic acids and citric acid) were identified or tentatively characterized by comparing their retention times and MS spectra with those of standards or literature data.
Conclusion
The constituents ( Figure 6 ) during 0-20 min were assigned as the most polar constituents that were distributed in the three single herbs. During 20-90 min, the major components were displayed as the iridoids and phenolic acids, belonging to the H. diffusa. Between 90 and 240 min, the flavonoids became the major compounds, which had been isolated from the S. barbata. Comparing three single herbs with the FBI, we found that although the name of the FBI injection had the association with L. chinensis, the components of the L. chinensis were rarely identified in FBI sample. In contrast, compounds from H. diffusa and S. barbata were mostly retained in FBI. These constituents were further assigned to the individual plant material. Among them, 25 compounds were from H. diffusa, 28 were from S. barbata and 8 were from L. chinensis.
Through the survey of preparation technology for FBI, the original preparation process might be inappropriate. Because in this process, these three individual herbs were mixed together and then extracted by water extraction/alcohol sedimentation in a large container. However, since this extraction method lost the majority of compounds in L. chinensis, it would be more appropriate to extract L. chinensis separately other than mix all three together. In addition, according to this study, at least three groups of compounds, included phenolic acids, iridoids and flavonoids, should be included into the chemical markers for the quality control of FBI.
To conclude, the developed HPLC-DAD-ESI-IT-TOF method is a rapid and efficient technique for analysis of FBI sample, and could be a valuable method for the further study on the quality control of the FBI.
